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Neuropathy and myopathy in two patients with
anorexia and bulimia nervosa
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SUMMARY Two adolescent patients with eating disorders and severe weight loss presented with
neuromyopathy. The first was female and had a twenty months' history of bulimia nervosa with
weight loss and episodic gorging and vomiting. The second was male with a two-year history of
anorexia nervosa characterised by vegetarianism and increasing food restriction. Both had severe
wasting and asymmetrical weakness of proximal limb muscles. The first patient deteriorated on
refeeding and became temporarily paralysed. Both had a purpuric rash and haematological
abnormalities. They made a complete recovery on a mixed diet: vitamin supplements were given
to the first but not to the second patient.

Anorexia nervosa is a condition characterised by the
following phenomena: a morbid attitude to weight
and body size, severe weight loss and amenorrhoea
in the female or loss of sexual interest and potency
in the male. Bulimia nervosa, another category of
eating disorder, shares some of the features of
anorexia nervosa. In addition, the patient experi-
ences episodic gorging of food and seeks to coun-
teract any effect on weight by self-induced vomiting
or laxative abuse or both.' Paradoxically, these con-
ditions are associated with abundant activity; even
when emaciated, patients may frequently continue
normal activities and indeed take extra exercise.
This phenomenon has been known for many
years.23 In the later stages general fatigue is com-
mon: more rarely muscle weakness, due to
hypokalaemia, occurs. It is at this stage that patients
admit concern about their health. (For general
review, see ref 4).
We report two adolescent patients, a bulimic girl

and an anorexic lad, both severely underweight, in
whom severe wasting and proximal muscular weak-
ness were associated with haematological dysfunc-
tion and a diffuse purpuric skin rash. The proximal
muscular weakness progressed to temporary para-
lysis in the bulimic girl. The similarity in presenta-
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tion of both patients and the differences in their
early response to treatment are discussed in relation
to their method of inducing weight loss.

Case 1:
A 17-year-old girl presented 20 months after the onset of
weight loss. Prior to her illness she had weighed 65 kg. She
had intended to follow a weight reducing diet but later this
alternated with uncontrollable gorging and vomiting. Two
weeks before her admission to a general hospital, she had
noticed weakness and difficulty in climbing stairs at school;
moreover, she had become too weak to vomit.
On the first admission to the general hospital (fig 1) she

weighed only 36 kg and had lost a further 3 kg before being
transferred to the Maudsley Hospital. There the patient
was found to be grossly emaciated (fig 2) with a dry skin
coloured by a diffuse purpuric rash (fig 3) covering her
trunk, back and upper thighs. Her parotid glands were
enlarged. She was tachypnoeic at rest but otherwise her
respiratory system was normal. Her pulse was 80/min and
the blood pressure 90/60 mm Hg. Lanugo hair covered her
back and arms. She had two ischaemic ulcers on her right
forearm and left foot. Neurological examination revealed
severe muscle wasting and weakness of the proximal limb
girdles. She was unable to flex her neck, raise her hands
above her shoulders, stand from a sitting position or sit up
from a lying position unaided. Once standing, she could
walk with an unsteady gait. Distal limb power from the
wrists and ankles was normal. There was no ocular, facial,
pharyngeal or tongue weakness. All arm and knee reflexes
were diminished: ankle jerks were absent and plantar
responses were flexor. Sensory examination, including vib-
ration sense at the ankles, was normal. Initial haematologi-
cal tests showed a normal haemoglobin level and blood
count except that the platelets were low at 107 x 103/mm3.
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Fig 1 Graphical representation ofthe sequence ofchanges
in body weight, muscular weakness, skin rash and
haemoglobin with calorie intake in the bulimic girl
(patient 1). (*measure ofseverity from physical
examination. Hb Haemoglobin. <Hl> Admission to first
general hospital; <H2> Admission to second general
hospital.)

Plasma creatine kinase was 638 iu/l. The prothrombin time
was normal, as was liver function apart from mild hyper-
bilirubinaemia (23 mmol/l). The following plasma levels
were normal: urea, electrolytes, calcium, T.4 and T.3.
Serum Vitamin B, was normal and folic acid was 2-8 mg/l.
An electrocardiogram and chest radiograph were normal.
Further investigations showed a negative Paul Bunnell
test; blood cultures, electron microscopy of stool for vir-
uses and antibody titres did not identify a pathogen. Serum
levels of Vitamin E and magnesium were normal. Serum
iron was 26 ,Lmol/l and iron binding capacity (IBC) 32
,umol/l. Urinary and faecal porphyrins were not abnormal.
On the day of admission to the Maudsley Hospital (Day

0, fig 1) the patient was commenced on a 1,500 calorie diet
which was increased to 3,000 calories on Day 7. On Day 4
she was started on daily high potency vitamin B and C
injections (Parentrovite) with oral folic acid (10 mg mane)
and vitamin E (20 mg three times a day). From Day 10 all
vitamins were given orally (Vitamin B and C as Multivite)
with, in addition, calciferol 6,000 units daily.
On Day 3 her physical condition started to deteriorate.

Pitting oedema developed rapidly up to her waist and she
gained 12 kg over the next 10 days. Urine output fell to
less than 600 ml/day from Day 7 to Day 11. The rash
spread and muscle weakness progressed to paralysis of the
lower limbs, requiring two-hourly turning in bed. Liver
function deteriorated: alkaline phosphatase rose to 201
iu/l, aspartate transaminase to 151 iu/l and glutamyl trans-
peptidase to 37 iu/l with total serum protein falling to 50 g/l
(albumen 30 g/l). On Day 4 the platelet count was un-

Fig 2 Full-length photograph of the bulimic girl

(patient 1) on Day 2 ofadmission showing the severe

muscle wasting and distribution of the skin rash.
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Fig 3 The anterior truncal view to show more detail ofthe

purpuric skin rash.

recordable. Plasma electrolytes including potassium
remained normal throughout the course of the illness.

From Day 14 the patient's physical state improved: mus-

cle power and reflexes improved steadily and were almost

normal one month later. This was accompanied by a

gradual reduction in creatine kinase which was normal by

Day 19. By Day 21 her rash had gone. A spontaneous

diuresis occuffed on Day 14 corresponding to the sharp
loss in weight shown in fig 1. On that day the haemoglobin
level reached a minimum of 8*4 g/dl but it slowly rose

thereafter while a reticulocytosis continued for 2 months.

Over this time course liver function returned to normal.

The patient was discharged after 4 months, weighing
54 kg.
Three electrophysiological studies were performed dur-

ing the admission. The first electromyogram (EMG) was

on Day 7, at the height of the patient's weakness. Deltoid,
biceps brachii, vastus medialis and first dorsal interosseous
were sampled. Myopathic changes in the proximal muscles
were shown by an increased incidence of polyphasic poten-
tials, mainly stable but with occasional increase in jitter.
Interference patterns were dense and of normal amplitude.
Neuropathic changes were found from nerve conduction
studies (see table): the sural sensory action potential
(SAP) was barely detectable; radial (24 AV), median (14
,uV) and ulnar (12 ,V) SAPs were within the statistical
range of normal but considerably smaller than would nor-

mally be recorded in a girl of this age and build. The mixed
nerve potential recorded over the ulnar nerve trunk in the
cubital sulcus (22 jAV) was reduced by any criteria. On the
second examination on Day 21 deltoid and rectus femoris
showed minor myopathic changes, the sural nerve SAP was
now 7 pV (normal minimum 10 IAV) and the other poten-
tials larger than before (35 ,AV, 35 ,uV, 20 ,tV, 35 ,uV). At
the third examination 3 months later, when power and
reflexes were normal, minimal myopathic change was still
detectable in the deltoid, and nerve conduction was normal
(sural SAP 20 ,uV).

Case 2:
A 16-year-old lad was admitted 2 years after he had
become vegetarian and slowly restricted his food intake.
For the last 4 months, weight loss had accelerated and for
one week he had been too weak to get out of bed.
On admission he weighed 40-8 kg: an estimated healthy

weight was 67 kg. His skin was covered in a purpuric rash
which he had noticed 2 weeks before. He had moderate
proximal muscle weakness involving all four limbs and
trunk. He had difficulty in maintaining his arms raised and
was unable to stand up from a kneeling position. Distal
power was normal. Biceps, triceps supinator and knee
reflexes were diminished: both ankle jerks were normal
and plantar responses were flexor. Sensation was normal.
Haematological tests showed low platelets 123 x 103/mm3
and a slight reduction in serum iron and IBC. Plasma
creatine kinase was 43 iuVl. The following plasma levels
were normal: urea, electrolytes (including potassium), cal-
cium, vitamin B12 and glucose: thyroid and liver function
tests were normal. Red cell transketolase was 39 iu/l (nor-
mal range 35-90 iu/l) on the fifth day after admission but
by then the patient had begun to accept food so that any
abnormality might have been corrected.

Table Nerve conduction measurements in both patients performed on given days after admission, and in normals

Action potential: Normal Patient I Patient 2
Sensory (SAP), Mixed nerve (MNAP) values Day 10

Day 7 Day 21

Left sural SAP >10 IsV barely 7 ,uV 6 I,V
>40 rn/s detectable 50 m/s -

Right radial SAP >30 AV 24 ,uV 35 ILV 43 AV
Right median SAP >20 AV 14 AV 35 AV -

Right ulnar SAP >15jV 12KuV 20 ,uV
Right ulnar MNAP >30 AV 22 AV 35 tV -

1017



1018

On admission the patient received a 1,000 calorie diet.
This was continued for three weeks and was then increased
to 3,000 calories daily. Weight gain was steady between
1-2 kg per week without the pronounced oedema which
had occurred in Case 1. His rash disappeared over the next
four weeks and his muscle power steadily improved and
was normal, with normal reflexes, within eight weeks. By
Day 7 his platelet count was normal. His haemoglobin had
fallen to 10-7 g/dl at the end of the third week and his white
cell count was 3,700imm3. Both were normal by the end of
the fourth week. Creatine kinase remained normal. He was
discharged after four months at a weight of 62 kg.
The investigations of the neuromuscular disorder

included an EMG, the measurement of sensory action
potentials and a muscle biopsy. The EMG in Week 2, at a
time of moderate clinical improvement, showed some
myopathic changes. Thus, there was an increase in the
incidence of notched motor unit potentials, and on low
frequency attenuation a mild, stable increase in the
number of components, spread over a slightly increased
duration. Slight neuropathic changes were shown by a
reduced sural nerve SAP (6 ,uV), but the radial SAP was
normal (43 AV) (See table). Both were of normal form and
latency.
The muscle biopsy was performed in Week 6: this was

taken from the left quadriceps muscle when the patient
weighed 50 kg. Figure 4 shows a section of the quadriceps
muscle with atrophy of both type I and type II fibres,
although this was more pronounced in type II fibres, virtu-
ally all of which were atrophic. There was no evidence of
necrosis, inflammatory infiltrate or loss of fibres. Figure 5
represents the distribution of fibre size for each type of
muscle fibre obtained from the biopsy sample. The major-
ity of type II fibres have diameters less than the range
(40-80,m) seen in normal adult muscle, confirming a
selective type II atrophy. Quantitative morphometric

Fig 4 Cryostat section ofleft quadriceps muscle showing
selective atrophy oftype 1I fibres (dark). Myosin adenosine
triphosphatase (A TPase) at pH 9-4 x 150.
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The majority oftype 11 fibres have diameters less than the
range (40-80 u) seen in normal adult muscle.

analysis showed normal proportions of fibre type (Type I
38%; Type II 62%). It also confirmed severe type II atro-
phy (mean diameter 35-1 ,um + 11-0, compared with a
normal value of 65 ,um,5 and a slight atrophy of type I
fibres (mean diameter 54-0 ,um + 11-7, compared with the
normal of 61 ,um).

Discussion

Muscular weakness is not recognised as occurring in
anorexic or bulimic patients unless hypokalaemia
supervenes. Sletteb0 et a16 recently described wast-
ing of skeletal muscles and reduction in size of mus-
cle fibres from biopsy material in patients with
anorexia nervosa, but none of them had a paresis on
clinical examination. The complications found in the
two patients described here have not hitherto been
reported. Yet it is almost certain that they were the
result of malnutrition.
The organ systems involved in both patients were

neuromuscular, haemopoeitic and cutaneous. In the
first patient who had bulimia nervosa the liver, car-
diovascular and renal systems became involved after
refeeding. Distinctive deterioration in her physical
condition was an important difference between the
two patients, in an otherwise very similar initial pre-
sentation. It is useful to discuss previous findings in
patients with anorexia nervosa and other nutritional
disorders, to see whether light can be shed on the
mechanism underlying the clinical state.
The neuromuscular abnormalities in our two

patients were those of a peripheral neuropathy and
myopathy. Clinically the myopathy dominated. Evi-
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dence of it included proximal muscle wasting and
weakness, diminished reflexes, EMG abnormalities,
a raised creatine kinase (Case 1) and an abnormal
muscle biopsy (Case 2). The results of the biopsy
agreed with those of Norwegian investigators who
showed predominant Type 2 muscle fibre atrophy in
two series of women with anorexia nervosa who had
severe weight loss.67 They thought it unlikely that
the muscle atrophy was simply due to
polyneuropathy. Dastur etal,8 looking at muscle
changes in adults and children with protein malnut-
rition in Bombay, found that both types (1 and 2) of
muscle fibre were smaller and myelinated nerves
were reduced in size. The evidence for neuropathy
in our patients was electrophysiological, but
included absent ankle jerks in Case 1. There were

no sensory symptoms or signs in either patient. Our
clinical and electrical evidence is in keeping with a
myopathy and neuropathy as the underlying
neuromuscular disorder in malnutrition. This could
adequately be explained by a quantitative protein-
calorie malnutrition but vitamin deficiency may have
been a factor. Thiamine, pyridoxine, nicotinamide,
vitamin B2 and E and folic acid deficiencies have all
been implicated as possible causes of neuropathy. It
is possible that, in the first patient, refeeding precipi-
tated thiamine deficiency when the carbohydrate
load increased the requirements and led to paralysis,
tachycardia and breathlessness (for review, see ref
9). In her the long history of induced vomiting may
have contributed to low thiamine levels: unfortu-
nately it was not possible to confirm this biochemi-
cally. There have been a few reports of thiamine
deficiency in anorexia nervosa: Handler and Per-
kin'0 reported a case of Wernicke's encephalopathy
associated with anorexia nervosa. The observation
of cardiovascular and neurological deterioration on
refeeding of our patient are indications of its poss-
ible contributory role. There are two protective fac-
tors which may have prevented thiamine deficiency
in our second patient. He was vegetarian and had
not vomited to induce weight loss; also his calorie
intake in the first three weeks of admission was
lower than in Case 1. The contribution of the other
B vitamins to the neuropathy is uncertain. Vitamin
E and B12 levels were normal. Serum folic acid was
only slightly low in both patients.
The skin and haematological changes can be con-

sidered together. The purpuric rash in both patients,
however, was difficult to explain in the presence of
only minor thrombocytopenia on admission. In the
first patient, but not in the second, the platelet count
fell to a level consistent with purpura. In the second
World War studies in the Warsaw Ghetto,"
Lubarsch described severe damage of capillary ves-
sels leading to petechiae and oedema. It may be

that, in our patients, protein malnutrition exacer-
bated by reduction in platelet levels caused the pur-
puric rash.
The haematological changes were of transient

bone marrow aplasia causing thrombocytopenia,
anaemia and leucopenia with a spontaneous recov-
ery. Warren and van der Wiele'2 looked at 42 ado-
lescent girls with anorexia nervosa: 38% had white
cell counts of less than 5,000/mm3: 33% had pan-
cytopenia (with platelets less than 52,000/mm3) and
7% had anaemia alone. Thirteen out of 42 cases had
bone marrow biopsies: of these six were hypoplasic
but, interestingly, four out of six had no peripheral
blood abnormalities. One had pancytopenia and the
other leucopenia. The hypoplasia of the marrow was
also found in Mant and Faragheres study of six
anorexic patients.'3 They considered the throm-
bocytopenia unimportant in contrast to our impres-
sion that it contributed to the skin changes in our
patients. They commented that red cell aplasia is a
fairly common finding in marasmus and kwashior-
kor, and protein depletion is considered to be the
main cause either by inducing primary bone marrow
abnormality or through reduced erythropoetin pro-
duction. The pancytopenia of anorexia nervosa may
be due to other nutritional deficiencies perhaps
related to reduced fat and carbohydrate ingestion.
The opinion formed by Netherlands workers dur-

ing the famine in 1944-451' was that vitamin defi-
ciency did not appear to be causally responsible for
the disorder in their famine victims after nine
months' severe malnutrition and that general refeed-
ing was the most effective remedy.
The causes of the mild and transient liver and

renal abnormalities in the first patient after refeed-
ing are uncertain. No biopsies were performed. The
report on the effects of starvation in the Western
Netherlands'4 during 1944-1945 refers to the
observations of Pompe who looked at liver biopsies
of malnourished people and showed an absence of
glycogen in 17 out of 22 cases with focal necrosis
and hydropic swelling. In our patient an obstructive
picture with some hepatocellular involvement is
suggested by the raised alkaline phosphatase,
glutamyl transpeptidase and aspartate transaminase.
It is possible that this was due to liver dysfunction
secondary to cardiac failure but refeeding may also
have led to the development of a transient fatty
liver.
Although it is rare for patients with anorexia and

bulimia nervosa to become so acutely ill, the occurr-
ence of two similar cases presenting to one clinical
unit within 6 months, indicates that it may be more
common than the absence of reports in the literature
suggests. The presence of a purpuric rash may be a
grave warning of impending decompensation and an
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indication of the degree of malnutrition. An ade-
quate dietary history will reveal those patients pro-
tected from vitamin deficiency by "health food"
with a conscious use of supplements. However, it
seems probable that protein and carbohydrate depri-
vation are responsible for the most serious pathol-
ogy and vitamin deficiency may only, as in the case
of thiamine, be revealed on refeeding. The presence
of vomiting over long periods may also have been
a contributory factor. It was gratifying that both
our patients recovered completely from the
neuromyopathy within three months. The rash and
haematological abnormalities remitted more
rapidly. In the War studies on malnutrition" 1' the
course of recovery showed an average of 14 kg
weight gain in 3 months; muscle tissue was regener-
ated by exercise and the neuropathy resolved slowly,
leaving paresthesiae. These residua were not seen in
our patients.
The severity of these patients' conditions and

potential consequences, coupled with their rapid
and complete recovery in hospital, is an important
reminder of the need to admit and treat before rapid
decompensation occurs. The need to refeed slowly,
at a rate inversely proportional to the severity of
weight loss is also emphasised.

The authors thank Dr R O'Brecht and Dr J Payan
for the electrophysiological studies, Dr P Guha for
the muscle biopsy report, and the Pathology
Laboratories of the Maudsley and King's College
Hospitals for the haemotology tests.
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